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Mail Stop Appeal Brief - Patents 
Commissioner for Patents 
P.O. Box 1450 

Alexandria, VA 22313-1450 April 20, 2009 

Sir: 

This is an appeal from the decision dated August 20, 2008, of 
the Primary Examiner finally rejecting claims 1-4, 9-16 and 21-25 
in this application. 



(i) REAL PARTY IN INTEREST 

The real party in interest is SANYO Electric Co., Ltd., of' 

Osaka , Japan . 
04/21/2009 HHARZI1 00000035 10743745 

01 FC:1402 540.00 OP 
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(ii) RELATED APPEALS AND INTERFERENCES 

There are no related appeals or interferences which will 
directly affect or be directly affected by or have a bearing on the 
Board's decision in this appeal. 

(iii) STATUS OF CLAIMS 

Claims 1-4, 9-16 and 21-25 are pending in this application. 
Claims 5-8 and 17-20 have been cancelled- Claims 1-4, 9-16 and 21- 
25 ar e appealed. Claims 1-4, 9-16 and 21-25 as finally rejected 
appear in the attached Appendix. 

(iv) STATUS OF AMENDMENTS 

No amendments were filed subsequent to the final rejection. 

(v) SUMMARY OF CLAIMED SUBJECT MATTER 

Claims 1 and 13 are the only independent claims involved in 
this appeal. 
Claim 1 

The subject matter defined in claim 1 is a hydrogen absorbing 
alloy represented by the formula Ln^JSgJUtyi-JA-Jf* (where Ln is at 
least one element selected from rare earth elements, M is at least 
one element selected from V, Nb, Ta, Cr, Mo, Mn, Fe, Co, Ga, Zn, 

2 

Pi\O4-O9\5ny-O4B-pto-*p0**l-t>rieE wpd 
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Sn, In, Cu, Si, P and B, 0.05 s x < 0.20, 2.8 s y < 3.9, 0.10 < a 
^ 0.25 and 0 * b) , wherein, when said at least one element selected 
from rare earth elements includes La, a mole ratio of La in said at 
least one element selected from rare earth elements is not greater 
than 0.5. (Specification, page 3, lines 11-14; page 6, line 19, to 
page 7, line 3; Example 5 and original claims 5 and 7) . 

The hydrogen absorbing alloy of the invention as defined in 
claim 1, when used as the negative electrode of an alkaline storage 
battery, provides an alkaline storage battery having improved cycle 
life (as compared to prior art alkaline storage batteries) without 
deteriorating the capacity^of the battery. (Specification, page 3, 
lines 2-8) . 

When at least one of v, Nb, Ta, Cr, Mo, Mn, Fe, Co, Ga, Zn, 
Sn, in, Cu, Si, P and B replaces part of Ni in the alloy, i.e., 
when "b" is greater than zero, cycle life is particulary improved. 

Claim 13 

The subject matter defined in claim 13 is an alkaline storage 
battery comprising a positive electrode, a negative electrode and 
an alkaline electrolyte, wherein the negative electrode comprises 
the hydrogen absorbing alloy defined in claim 1. (Specification 
at, for example, page 1, lines 4-6; and page 3, lines 11-14). 
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(vi) GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL 

The grounds of rejection to be reviewed on appeal are: 

(A) whether claims 1-4, 9-16 and 21-24 are unpatentable under 
35 TJ.S.C. § 103(a) over Kaneko, U.S Patent No. 5,964,968; and 

(B) whether claim 25 is unpatentable under 35 U.S.C, § 103(a) 
over Kaneko in view of Newman et al., U.S Patent No. 5,283,139. 

(vii) ARGUMENT 

Rejection under 35 U.S.C, § 103(a) over Kaneko, U.S Patent 

No. 5,964,968 

Claims 1-4. 9-16 and 21-25 
The hydrogen absorbing alloy of the invention represented by 
the formula Ln jl . ai MgJJi y . a . b Al^, where Ln, M, x, y, a and b are as 
defined in claim l f can also be represented by the formula AB X ,, 
where A is (Ln^MgJ , B is (Ni y . a . b Al a M b ) and x' , which is equivalent 
to the sum of the subscripts for Ni, Al and M, i.e., y-a-b+a+b, is 
2,8 - 3.9. The hydrogen absorbing alloy of the present invention, 
in view of the limitation of x' as being 2.8 - 3.9, has a 
crystalline structure of the AB 3 or AB 3 B (Ce 2 Ni 7 ) type. 

The limitation of y as being in the range of 2.8 to 3.9 
inherently limits the crystalline structure of the alloy recited in 
the claims because when the ratio of B (Ni) /A (La) changes, the 
crystalline structure changes. This may be understood from Fig, 1 

4 
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in J. Japan Inst. Metals, Vol. 69, No. 1 (2005), pp. 170-178, 

"Crystal Structure of Hydrogen Storage Alloys, La-Mg-Nix(x=3 - 4) 

System 7 ' (copy enclosed together with an English language abstract 

thereof) . As shown in Fig. 1, three phases, LaNi 5 , La 2 Ni 7 and LaNi 3 , 

are separated depending on concentration of Ni. See also the 

enclosed Fig. 6.2.6, which illustrates the different crystalline 

structures of AB X , where x' ranges from 2 to 5 . (In the attached 

Fig. 6.2.6, the crystalline structure alloy of the present 

invention and that of Kaneko are identified) - 

Kanelco discloses an alloy having the formula (R a . x L x ) (Ni^M^, 

where z is 4.5 to 5.0. The alloy of Kaneko has an AB 5 (LaNi 5 ) 

crystalline structure. This fact is inherent in the formula 

of the alloy and is also understood from the following description 

in Col. 4, lines 12-15, of Kaneko: 

The hydrogen alloy B of the present invention is a rare 

earth metal -nickel hydrogen storage alloy which has the 

composition A represented by the formula (l) above, in 

which crystals have a LaNi s type single phase structure. 

The alloy of Kaneko having an AB 6 (LaNi 5 ) structure, by 

definition, does not include alloys of the present invention which 

have an AB X . structure, where x' is 2.8 ~ 3.9. 

The alloys of Kaneko cannot be Properly modified to include 
alloys having an AR ., structure, w here x / is 2.8 ~ 3.9. 
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Kaneko teaches away from an alloy as claimed in the present 

invention and represented by the formula AB X . , where x' is 2.8 - 

3.9. Kaneko describes in Col. 4, lines 58-61: 

"If z in the above formula (1) , i.e., the atomic ratio of 
(Ni^yMy) is less than 4.5 when (R^L*) is 1, the LaNi s 

type single phase structure is not obtained, and the 

battery life is shortened." 

Given such description, and assuming that it would have been 
possible to simply decrease the atomic ratio of (Ni^yMy) of the 
alloy of Kaneko, the person of ordinary skill in the art would have 
been discouraged to do so. See Monarch Knitting Machinery Corp. v\ 
Sulzer Morat GmbH, 45 USPQ2D 1977, 1984 (Fed. Cir. 1998). (*A 
prior art reference may be considered to teach away when *a person 
of ordinary skill, upon reading the reference, would be discouraged 
from following the path set out in the reference, or would be led 
in a direction divergent from the path that was taken by the 
applicant.' In re Curl&y , [27 F3D 551] 27 F.3d 551, 553, 31 
USPQ2d 1130, 1131 (Fed. Cir. 1994)." 

No other motive or reason exists for modifying the alloy of 
Kaneko to obtain the hydrogen absorbing alloy of the present 
invention as defined in claim 1. 

The Examiner, in the Advisory Action dated January 29, 2009, 
notes that in the alloy of Kaneko, w z" modifies both "1-y" and "y" 
such that "the range for the Ni subscript, (l-y)x z, is 2.5 to 5 

P:\0«-Q9\&ny-Q4&-pto-appeal-brie£ vpd 
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and the range for the M subscript, yxz, is 0 to 2.5." (Advisory 
Action, page 2, lines 6-7 from the bottom of the page) . The 
Examiner also notes that in Col. 7 f lines 48-64, Kaneko discloses 
a Ce 2 Ni 7 type structure. The Examiner then cites mpep § 2144.05 II 
for the proposition that where the general conditions of a claim 
are disclosed in the prior art, it is not inventive to discover the 
optimum or workable ranges by routine experimentation. 

The facts noted by the Examiner in the Advisory Action do not 
support a case of prima facie obviousness of the hydrogen absorbing 
alloy of the present invention. 

First, no explanation of the relevance of the ranges for the 
Ni subscript and M subscript, individually, to the issue of the 
obviousness of the alloy or alkaline storage battery of the present 
invention has been provided and no relevance is seen. Only the 
value of "z" has relevance to the crystal structure. 

Second, Kaneko describes that when the LaNi 5 single phase 
structure is not obtained, battery life is shortened. (Col. 4, 
lines 58-61). This means that Kaneko excludes values for w z" of 
less than 4.5, i.e., values of w z" which result in the production 
of other crystal structures such as a Ce 2 Ni 7 type crystal structure. 
The description in Kaneko that values of *z" of less than 4.5 
result in structures other than the LaNi 5 single phase structure 

7 
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and shorten battery life rebuts the implicit suggestion of the 
Examiner that values of w z" of less than 4.5 represent an optimum 
or workable range. 

Reversal of the rejection of claims 1-4, 9-16 and 21-25 under 
35 U.S.C. § 103(a) over Kaneko, U.S Patent No. 5,964,968, is in 
order and is respectfully requested. 

Re-iection under 35 U.S.C- S 103(a) over K aneko, U.S Patent 

No. 5,964.968 in view of Newman et al., ELS Patent No. 

5.283.139 

Newman et al. is relied on in the Final rejection only as 
teaching an amount of alkaline electrolyte in an alkaline storage 
battery as recited in- claim 25. Newman et al. is not cited for and 
does not overcome the insufficiencies of Kaneko to support a case 
of prima facie obviousness of the hydrogen absorbing alloy of the 
present invention as defined in claim 1. 

Therefore, the combination of Kaneko and Newman et al, does 
not support a case of obviousness under 35 U.S.C. § 103(a) of claim 
25 and reversal of the rejection of claim 25 is also in order. 

In view of the foregoing arguments, appellant respectfully 
requests that the final rejections of the Primary Examiner be 
reviewed and reversed. 

Form PTO-2038 in the amount of $540. 00 is attached hereto to 
cover the cost of the Appeal Brief. 

D 
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In the event that any additional fees are due with respect to 
this paper, please charge Deposit Account No. 111833. 



Crystal Gateway 3 
Suite 1105 

1215 South Clark Street 
Arlington, VA 22202 
Tel: (703) 412-9494 
Fax: (703) 412-9345 
RJK/ff 



Respectfully submitted, 



KUBOVCIK & KUBOVCIK 




RoiWl<yy\ Kubovcik 
Reg. "^o. 25 r 401 
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(viii) CLAIMS APPENDIX 

1. A hydrogen absorbing alloy represented by the formula Ln x . 
xMgxNiy^.bAl^Mb (where Ln is at least one element selected from rare 
earth elements, M is at least one element selected from V, Nb, Ta, 
Cr, mo, Mn, Fe, Co, Ga, Zn, Sn, In, Cu, Si, P and B, 0.05 < x < 
0.20, 2.8 <. y < 3,9, 0-10 < a < 0.25 and 0 < b) , wherein, when said 
at least one element selected from rare earth elements includes La, 
a mole ratio of La in said at least one element selected from rare 
earth elements is not greater than 0-5. 

2. The hydrogen absorbing alloy according to claim 1, 
wherein Y is contained in the rare earth elements. 

3. The hydrogen absorbing alloy according to claim 1, 
further containing Zr. 

4. The hydrogen absorbing alloy according to claim 2, 
further containing Zr. 

9„ The hydrogen absorbing alloy according to claim 1, 
wherein an average particle diameter of the alloy is in a range of 
65 - 200 ym. 

10. The hydrogen absorbing alloy according to claim 2, 
wherein an average particle diameter of the alloy is in a range of 

P : \04 - 0?\5ny-o* ft-pto- appeal - brief wpd 
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65 - 200 pm. 

11. The hydrogen absorbing alloy according to claim 3, 
wherein an average particle diameter of the alloy is in a range of 
65 ~ 200 ym. 

12. The hydrogen absorbing alloy 'according to claim 4, 
wherein an average particle diameter of the alloy is in a range of 
65 - 200 pm. 

13. An alkaline storage battery comprising a positive 
electrode, a negative electrode and an alkaline electrolyte, 
wherein the negative electrode comprises a hydrogen absorbing alloy 
represented by the formula Ln 1 . x Mg x wi y . a . b Al a M b (where Ln is at least 
one element selected from rare earth elements, M is at least one 
element selected from V, Nb, Ta, Cr, Mo, Mn, Fe, Co, Ga, Zn, Sn, 
In, Cu, Si, P and B, 0.05 < X < 0.20, 2.8 < y < 3.9 0.10 £ a <c 0.25 
and 0 s b) , wherein, when said at least one element selected from 
rare earth elements includes La, a mole ratio of La in said at 
least one element selected from rare earth elements is not greater 
than 0.5. 

14. The alkaline storage battery according to claim 13, 
wherein Y is contained in the rare earth elements of the hydrogen 
absorbing alloy. 
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15. The alkaline storage battery according to claim 13, 
wherein the hydrogen absorbing alloy further contains Zr. 

16. The alkaline storage battery according to claim 14, 
wherein the hydrogen absorbing alloy further contains Zr. 

21. The alkaline storage battery according to claim 13 , 
wherein an average particle diameter of the hydrogen absorbing 
alloy is in a range of 65 ~ 200 urn. 

22. The alkaline storage battery according to claim 14, 
wherein an average particle diameter of the hydrogen absorbing 
alloy is in a range of 65 - 200 pm. 

23. The alkaline storage battery according to claim 15, 
wherein an average particle diameter of the hydrogen absorbing 
alloy is in a range of 65 ~ 200 pm. 

24. The alkaline storage battery according to claim 16, 
wherein an average particle diameter of the hydrogen absorbing 
alloy is in a range of 65 - 200 pm. 

25. The alkaline storage battery according to claim 13, 
wherein the amount of the alkaline electrolyte is 0.31 ml or less 
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(ix) EVIDENCE APPENDIX 

(1) J. Japan Inst. Metals, Vol. 69, No. 1 (2005), pp. 170- 
178, "Crystal Structure of Hydrogen Storage Alloys, La-Mg-Nix (x=^3 
~ 4) System" and English language Abstract thereof. 

(2) Fig. 6.2.6, which illustrates the different crystalline 
structures of AB X . , where x' ranges from 2 to 5. 

The above evidence was submitted with the response filed 
January 21, 2009, to the Final Office Action dated August 20, 2008. 
The response is identified in the Advisory Action as having been 
considered, i.e., entered, and as overcoming the 35 U.S.C. § 102(b) 
rejection in the Final Action. 
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(X) RELATED PR OCEEDINGS APPENDIX 
None 
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La-Mg-Ni x (x = 3-4) S7k*»jK^*0 ISftlKfi 

#i ft^RSi 1 «R*2U* 

J. Japan 7ns& Mash, Vol. 69, No. 1 (2005),. PP. 170-476 
O 2005 The Japan Institute of MeiftU 

Crystal Structure of Hydrogen Storage Alloys, La-Mff-Ni,<^«3—4) System 
Hiroshi Hayakawa^ Etsuo Akiba 1 , Midori Gotho* and Tatsooki Kohrio 3 

Wydrogcn Energy Group, Energy Technology Ressartk Institute, National Intitule of Advanced Industrial Sd*nec and Techno logy* 
Tsutoib* 305-556$ 

^Technical Service Canter, National InstttUUt of Advanced Industrial Science and Technology, Tsububa 305-858$ 

^Advanced Functional Materials Laboratory, Corporate Research & Dmhtrtncni Cotter, Toshiba Corporation, Kaud&aki 2X2S5H2. 

New alloys of La-Mg-Ni CNi/ (La + Mg) =3—4) system absorb and desorb hydrogta at room temperature, and rhtt hydrogen 
capacity is higher than conventional ABs-type alloys. The crynfci) structures of La^M^i^jNlziCooj (alloy Tl) and t-ag.rsMgc.z5 
N^^Cojj (alloy T2) were savectajfffttod ndng 1CP, SEM-EttX an* SJ*D- We femnd that tho alloy Tl consisted of Cc y Ni>-tyoc 
La 3 Ms(Nt, Co) h and PuNis-type La^Me (Ni, Co) 0 phases and that the afloy T2 consisted of CcaNir*yps laMgQfi, Co) u and Pr 5 
Coip^type La<Mg(Ni, Co) 19 phases. These aHoye Bystezn has layered structure and shows polytypisjn that jo originated from 
difference in studdng of some CCaCu 5 !l-type layers and one C^^a>eype layer aloes c-oadft. CfyataJ etnsctur* e*~ L» 3 Mg(Ni, 
Co) M is hexagonal 2H**Ce*WrWe» fl^CLSOSSQ) nm» c= 2.4245 (3) nm. LajMgCNi, Co) » * trigonal SBHftiNir-typc. <a-0.5062 
(I) cm, £=2.4500(2) urn. U,Mg(Ni, Co) M is2H-Pr 5 Co ig -typfi 4 fl^0.5042(2) na, £=3.2232(5) nm. In these aU structure, La- 
1-3 distance in the tCaCu^ layer was 0.33— OAD tun but that ia the [M^Zt> x 3 l*y«* ^ 0.52 *at*. It was also «h*t Mg oow- 

■« pied the La site in the [MgZnJ layer. Selective occupation of Mg at the La, site in the lMgZn 2 ] layer makes the alloy atabJe in 
repeated reaction cycles with hydrogen. This alloy system has formed an agent group is described by the general formula 
X-a.^iM£Ni 5wA 4 where n=0.. I, 2, 3 4 - 

Received August 36, 2004: Accepted November 30. SOW 

Keyword*: ZaTz/kOTwrn-ww^^^ system, hydrogen stomgt alloy, crystal sttvctxrt, i&tel hydride battery, ncfiotipe te- 

trode, layer structta*. lajMxNis, lAjrfj&fi J4f La^MgNi J9 

/.* 

I^'Kl»tM^Ni^i&tt#»cjkJ!?am^AtU'C&B LaNia, LaaNi?, LagNiis O 8 •50'F-&g!i®akAerafli*%* 
SnTV^^&fc^&fc^fc*- dtl^V^UyK-ftL , : : 1 

TV>$- Kohno b»K La-M^-Ni % N^/ (La +MgH--/ 
3-5) <ipfTS«-fer» S . /i^^iU^^^Mgfi^ 

N550— lOOJ^O La-Ni ^ffl^-^Btt Zhssg^^) Ci^t 
ift*£ft-CV-.<&. ^434>^ Laves ?8 LaNi£ + , tJ.*^-Sta"C 

<D^j5i"Sft&%fi 900TC tlio^t^^iSaa-C'eo^-c 
PAOT 18/28 » RCVD AT -W20/2009 9:16:21 PM [Eastern Daylight Time] * SVR:USPTO-EFXRF-5/40 * DNIS:2738300 * CSID:703 41 2 9345 * DURATION (mm-ss):04^2 



2808/12/24 11:31 0789331095 

T 



uoo 

1200 

^ 1000 

i. 

I 

5 600 



45 SO 



* 


1 


1 














DDL 


| 


- 








wn 

Ml 


1 
















_ 


CM 












" 1 




J 


J 

i, 




-3 

-J 


3 

\ 



so 



70 



100 



Fig. 1 Partial phase diagraw of the La-M binary syste» (So- 



2008/12/24 11:31 EJ769931095 



SI 1 ♦ 



A SANYO IPS KOBE 



-If" 05/12 
171 



* & C16 mW&O MsaN5 <9<feiC Lara « (C35 IDLffSg) O 

Xemura &tt Lavas Lfc«Hfc*HHfc44fe 
OifeftflNS to^T. MgCa 2 . Mgftb. Mfi:Ni 3 1?ft^ £ *1 

fr»0«jS^ 5> Sm-Co t -Ni TEM BftWSB«r?f v^ f 
Sm-Co, Sm-Ni L*n«i SS t LC*CusM«H6JI©tt 

fc*l^*»LTV*5«. Khan tt R-T ARB<fc** 
(R ; #±S6&m> T : S^&ffi Fc Co, Ni) OS§ A«SM96 

(Sn + 4) / (« + 2) , * =0 r 1, 2, 3, 4 TSWC & * HCaCuaDS 

ffi® U?t UsMgjNia OSff8B^7= JW^fc&SB L"CV*£, 

ft ©rl^v-^ »^5e *;h t v * ft J *- u > . c: n & 

0<ft£*fct Laves $g<MgCu 2> MgZn 8 , MfiNi 2 ) t [C&OfcD 

t-P. R-Mg^!*^rt*OttC.M^KNi 4 a) ©^Jftta'&S 
tlTV>ft, 

Ni Co TEMSS U it L^MsH«-C« 

"ff-Tft- * c n*T«»» tit 

La-Mg-Ni , co-S-sfe*3iS#tta:JB 

* m * a ■ 
*&®tMt£*ftt*a Thcrtoo jarrdi Ash tt03HS£*s 

U. Mg>Ni f Co, Al*7^C-5VN-CSJa^^U^. *c*s- * 
ffB»x*Jl^-»MXil*tS«(Eia), ElS<IAX-2770 



RAX-OI-O^fc- fil^S±^^^r>f h*«*y^fciy- 
^•C#ftflSUfcCn-Kai»*«V^ 40 mA TW* L 

: 25=15—140', 10 s/sttfp, 0 .02* /step} "Cfj » C 

fiftEKH**«fBKi00 a/step, 0.02V step) *0-C, feX^J 

^ xryxm XPR£SS * fCA L RietveOd ffffi 7 P ^ 5 
Att RIETAN2000> 7 > «rffi^» 

fc. *asofc«akateft»wi*3«KCTi-A f Ti-B > 

^fg*5fiK»^3Sft«S^aia -?7Vy^ RASA-7B 
T?3&-7^. tH^^:#J± Mo-Kb, 50 kV, 200 mA f*o ^* 

*ca. 150xi50x25ui),Tl-B(S*«ft» 50x60x210^), 
T2-B(5S«fi, 135* 160 x 200 iOt?S->fc- V7>^xT 

Table 1 fC ^ L. ICP «s A 

i£vMi-C^j*-C*-Cv^fc- -7T. T2^ttftiZfc*a*A9 

La, Mg P Ni, Co *> I t&^^^jSStc^-C* »3 . Tl, T2 
Tl£&OXRD^*-v*Fi2.. 2 CS-T- Tl^;^^ 

rf=»1^2 mn, 0.819 nm, 0.609 am o^&KlSV^-^SrSSJ 

MJQ»^ 2.44 mil (Tl-A Jg) fc 2.4,5 nxu(Tl-B 

©?f » ^ ftCli <f « 0.8U3 am (2^ « 10.90*) 

10.80 s ) iOrF3C5i^2»=0.10 g ^3&>^^^. rf- 

o.ai9wijcD^-t7^Biaosaoo3 fr*e?**s&«* 
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TaWe 1 Chraiea} ccmposition analyses of La-MgHSr-Co alloys. 
The number ia a parentbeais shows stsjndarrt deviation. 



1) .Tl sample 





La 


Mg 


m 

(jmas&) 


Co 

(massSO 


Ai 
(mass#) 


sum 


OmipdalPcti' 


Starting O^ttipCSiHon 


34.64 


240 


52.25 


lO.faU • 


0.00 


100,00 




ICT analysts 


34,6 


2.6 
(0.1) 


su 

(0.5) 


10.2 
(OA) 


0.1 
(0.1) 




(Xj^TtNtSi^^JiC 0 *^) 


EDX analysis 


(0.5) 


1.3 
(02) 


53,5 
(0,6) 


10-fi 
(03) 


. 0-1 
(0.Z) 


10O.0 




Upper rm* in eorapo 


si dot: La+Mg-= 




r. NI-t-Cfr~3.00 On parentbero) 








2) T2 sample 


















,(*nass3rf) 




Ni L 

(massft) 




Al 
(maas^) 


cum 

(muss*) 


CcmpuailiuJi' 


Starting" CCTnpositiflii 


32.S6 


2.30 


55.54 


930 


0.00 


1D0.0D 




ICP ^nalysiB 


52.5 
(0.3) 


IB 
(0.1) 


55-5 


9.2 
(0.1) 


0,2 
(0.1) 


99.3 


(taaTS 6 ^^^! C^ns ) 


EDK analyst 


32.fi 

(0,5) 


u 

(0-2) 


66.fi 
(0.6) 


9-2 
(0.3) 


0.3 
(0.2) 


100.0 


(Laa73Mgfi.»i y iAj3iC,o 8 , 4? ) 


** Upper row in cwnpt 




J.00, Lowti row: Nl^ Co =3.50 (in parenrhria) 










Tl 



A-phase : c=2-44 cm 
B*pbasc ; c=2.45 nxn 



Mb 50 SO 70 60 



10 20 30 «0 50 

Fig- 2 X-ray diffraction profile of Tl sample 



12000- 



1OT00- 



4000- 




B-phase: e=3.23am 



T2 sample 

[La 0 . 7B Mg us Nl 3lQ Co ttS ) 



n i — r 

10 20 30 40 50 

2$ ((tegjoc.CtiKff) 




1 



70 



Fis- 3 X-ray diffraction profile of T2 sample. 
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T2 'fr&^XKD/ , «^-V%Fig.3lw^-r. T2 
XRP ^ Fig. 2 £ V^— *#£8tt?ftL. Cltife 

100 6/stcp * 7*** ViBS Lfc**% Fi^ 3 Klffi 

ft < i 4> 2.44nra(T2-A fl) t 3.23 nro(T2-B 

tS)OW#B%^ ©»£rffi^** k»3S&.KVt-. 

y'JtyVayWtSS^t^tfc- Tl, 

3.2,1 Tl-A^i5^«K£ 

^ofiaWA^*!) -test's v*y 
^fitJT 5 — *t±, ftSfcJflTO?**'?. »^fi»ttfl« 0.504 
nm, c - 2. 42 ran, c/ff =4.S0 X%r>iZ. Z.ilfiL Fi£. 2 te&Zf 
Fig. 3 OXRD lC$*Lfcc=Z.44am^ AfifCfl^ C 
e9«T-«l LaNi 5 (A3!yfi3ft r PS/unnm, oq- 0,0017 nc» r Co - 

WLTvvfc. £fc r (00OOT??=S»+lfeAU ? (/i&2«/) , r 

fcSSKEf £ U*0±. PGj/tmdbCNo. 194), P6 a me(No. 186) 
Xft P62c(No. 190) 4*9*. CeaNiy SSS*'© LaeNi? O 
fifi^65^— * (7t*fi3R. PSg/mmc, *- 0-5053 nm, C = 
2.462 nm) w) ClF© fcJSHSl L T C tz 
£^»T1-AOT1T2-A) fc^-Sil £ *CT*- 
La*Nk SEE fctt C* z Ni 7 a t GdzCorMO 2 O^^SE38 



Busehow 6WttR^«78BBO«S*t^'C. ***** 

<ft-»T*9. U*^ hfcW*»»0'>ettMg*B*X 
Tl-A^B a B^E2#^A§feSai^£^St^:. COJt 

fi¥*f** % C«« Lfe#Bfittt&*u fc> 30" <2e<69* 
jgrji fl = 0,5052(l) am, c=2.4245 (3) urn ^^^^^'^^ 
ME* TfflBW* P6 5 /mmc(No. 194) h(5 

ttfiMM 1 LkS<^Cff-lSKr,2?w-26#)* 3S*1B^<2>^ 

CLadGJJI t 2 tSTO CaCu 5 Jfl*> ° v 9 

*60*Pia«UT8!*fia: , 5t 2-7'ov^-Cl W3B*»0iS 

Mg f± La-La R^HEH* 0.32 run t Lav^s ftfiO 



Table 3 Sumxnary of crycTanographic data of La-Mfr(Wi» 
Co), systero aJIots. 



Crista) No. 




Tl-B 


T2-B 


Chemtcai formula 




La^^tNx. Co). 


L^MeOT. Co) w 


Smichire type 








Molecular weiphi 


1262^9 






Crystal system 


^sxDKoadi 


TruonaJ 


H«agonal 


Spa« Evanp 


P5j/fflmo 






0^032(1) 


0.5W2C1) 






2.4245(3) 


2.4S0O12) 


3-2232 (&) 


Volume K/ntn* 






Q.7057C7) 


2 


Z 


3 






?.s3 


7J61 


7.93 



TahlA 2 EDX analyses of Lfl-M*-NH> alloy cmtSdS- 



The uvunb^ in a parBntbMis shows standard deviation. 


Ciysta} No. 


La 




Kt 


Co 


Ai ^ 




Tl-A 




1-6 
C<L1) 


53-5 


10.2 
(0.2) 


0.1 
CD-I) 


(La«^ffwiNii«Ccoj6) 


Tl-B 


8&2 

«U) 


1^ 
(0.1) 


53.4 


t02> 


0.1 

«U) 


L*lAJ0MSC r T7Ni rr7 >C«S 0 J9 

(U^«MScjsl^aEiCo^) 




324 
(0-3) 


1.4 
C0.1) 


56^ 
(0.3) 


to^) 


(0.1) 




Lower nyw Cm 


in composition: La+M^=l,00 











; PAGE 21/28 * RCVD AT 4/20/2009 9:16:21 PM [Eastern Daylight Time] * SVR:USPTO-EFXRF-5/40 * DNIS:2738300 * CSID:703 412 9345 * DURATION (mnvss):04-32 



2009/12/24 11:31 07B9931095 

/ 



A SANYO IP}] KOBE 



f-i," 08/12 



174, 



B A & S * £ 



69 $ 



[L* 2 Ni4jJS£> La tf-f h fcB&L, 0.38am U-b£ 5 

Tl-Al* Laves ISO La * 4 h £'» La £ Mg & 

ff^OsS^Tfcort:. Laves @^CLaMgrNu]®i:Lra 

HSP6i/nimc*<ESLfc«#, Laves JgOLa t MgW 
4 Mi^aetS^- fc*»&*A*Wft*iSt*H: 
(La2- x Mg,)LaeNii4 © Mg t L T^iT; $ % . 

Table 2 IZ Ti-A jteflr*? EDX $}-#r©S»t:»; L£.#i £ 
C ± nif Tl-A jgftoajSttCLao^Mgo^jN^Coo^l^S 
EDXS<Wtt*:&»&t4*-0.M £Sfc0. La tfffi^f-* 

■ 0-90(2) SLfc*S*#»&*ifc- EDX# 

O^ffi^Fig. 2<D4 V=Ty h©EDX#«i«ftWrtl«. 
Kohno &»0«SL^Sftfi*0 La^MgNlu fc-g:****. 

■C & V**0-tt N t*B* £ * ■ ) 

3.2.2 TX«E»S«>Si^ 

5£ffiCl* * — 0,505 iwn. €=2.-15 am, c/c = 4-85 -V Cft 
ttTl-A t#«»C2VN*?««-e**. L*U (fr0/)B5 
<p:/ u V*«0*«a&* <b Tl-A £ l±igjffiI9#58.fc 

f n , -*+ ft + 3n ice* q> n*t- (o o o o -c ^ /= 

*ii&ffllBWWLH32(No. 155), R$m(No. 160), Xtt R3m 

(200) ©h#tHE.«#S5v & ^ u y i/ a vw±t * a 

« . EM*M AMKHa* & tt Tl-A &£SSs£gV> 
BG4HStf*£-'?*£&*9. 
L^fliLSftf restarted*. ft^f^S^TableSKZ^L/cfc 
^iC^^SSTff-0.5062(l) no, r- 2.4500 (2) nra L 

mnOB«i:*H»(ff*)#— aLTV^S- C©|§A*IUft 

TJ-8*SA4*P. 
Tl-B Ai* PaNi, S«2g© LaNi*(RSm, a=0.50B6 am, 

. ffi***o<fe $ 1 8Hffl*#Ar#© CeNi*H« 

»RM^»(R-lA l Cc > Pr,Nd > Siii f Gd)**9tU Rfctveld 
tt*C|NftOHI«ft«<t^Tv*«'Pi. Tl-B«fa^Cnii©fil 
Lfc«sfitr»^4iOO. Mg«aPB8«***<»ft-»-C^te- 
Tl-B|Sft©»Rtt. WA©EDXfl*J**CTahte2)*& 
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Mgt)LaNS a AlS«r1RSL^tt'fr. EDX =0.45, * 

»&nfc. Ti-BftAott^atir^M&WsOft^jK&i 

=0.49241 nm, c=2.3875nm)^>i ■Jfe^.fiStffcfrVtfs. «tt& 
*/a=4.85 tt— ftLTV^S. *?0*t«08^f*AK* 
ff* 1 ©*** U(r =0.1877 nm) fc /J>$% Mg(^= d-ia02 
nm)oaU5fefb©av^±«ciCH IT** S . 
Tl-B OS*^*«SttCCaCu s Jffl 1 » t Laves S<9 

T, ^n#[120]^R}^ 1/3 fofMadib cw^raK^*. 

Laves 6c +f-< h.*5 Mg m Cfc±£.tt'£ 

Tl-BBiftTttec-y-f h none? 1 HBEBI* Mg- 
MgPJK:L.Tttfi-f S?S O-SSiun-^fc&C^fp, La t 
Mg©ia«, *ft*fclt«*ttO«"Ffi:t*K:A4*0-y->fb 
0«BS*fa«#*i fc*r Kadir LaMff«2T^ h ttHfr * 

6c h j&i La t Mfif T'Bg iJ^HS^/VfSSBT 

L^U,- PnNfc«afcC««Lfc«*3&i-&Oft*5C» La 

«J-. Tl *A«P36»% Tl-A ft A ^ TX-B ©^©M^OS 

XRD © RietveldPtfr^^L^felfeH^-r^- 
$^.3 T2-B 

^'jtv*>3y?K*>& ti-a tm zct& 

& fr^it(T2 A). ttOl-5«±K^«*t4-tst*A-C < ^ 
f B #© cKMXlM&S 6tfiv>tt?SS ? " 0.50211m, c=3^1 

JBXi**6Cfiv-fi«JBSia©^OT*-9fc. (ftft0}©9K 

Otf|ft5e*JBlCiav^ COlsfl^aftfiTl-A.B 
fcJ:^ LaN5 5 1 b»lz9Ui<'jBJB<£7 0.5 nm)^^ T^s>. 
C ©IS A4>MKttlX(0 0 0 /) X l=*2n+l, ih k 2Rl) -Q /- 

ci9o) a h . 4 a x aas wjfet? rasm a < 135 x 

55v^»ais«aLA. «^n77/M B0OW#*4^ 
^ESt»± «- 0.5042 (2) nm, c =3.2232 (3) nm fc t TJSSgfl: 
EDXIftfl£4M«6*{Tablft2)ICitif£ f T2-B 
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7< 



LasNiw 3§0#«& La-Ni $&SBI (Fig. 1) fcz* Lfc i -5 
£ $«1V^ffS (CcsOuu S*iS* : RSm) -Cfe 0 » 

* £ jb — 42-U9B O 2H ffi CSFfS© : F6 s /mmc) <D 

PrsCOis S«S t £ iC-T *- 

LA5Ni ie &&^2H«3i&-e&&. 1 Laves [MgZn a ]2BO 

(gO^xra^U-CtLaaN^lJSWOLa^^ hfHBglg* 0.32 
T2-B » AO»*tt*fS 6 S[La*Ni< 3 



^Tffiftt#x.&*ifc#. ri-A f BHA«**«W?H*C 

Laves MBO La *M h ^ Mff #*0-fiH*LT:^* >V^J* 

' Tl RieWeld-SifigM* Fig. 4 

#r X 4> tlB S ft PoNi, Si LaiMffN* *B t Ce*Ni? 8 
LajMgWIu ffitt JNC 2H-Pr*Go» ^ I^MjgNin *S i. ClOb 22 
LaMgNU ^CS^^^^^^^- ^^ES^r****** 
SIX, 2S%, 9Pf"T=2S^ P«W»»ffi*HA^«ffi***:** 

T V v fc . ft ^ *IS ft PuNii S1B -50559 (4-) nm, c » 

2.44SW&) », CeiNTi, flMB# 0-50496CG) fffik. tf- 2.4302 
(2) ran, Pr 5 Co 19 a«a^fl- 0.5049(1) nm, e« 3.2251 (4) urn 
0 . #ttAT«*fc*^3E*(Tabte 3) t tttSHft L"C 

003 ^> tf— ^ W= 0.8185 Dm)U CeNi 3 MSiSOJgl!: 00^ £ 



f 



10000 



aooo 

"I 6000- 



I 4000 
2000 
0 



.^jJlJLjljl) 



L 



III 1 t it i i*l » 

II C I I I II I I I I II II ■ 

I 



If us III 
in mm i titll 
■ llll t llll k e 

r i i i ■ 



I III I ■» ■ 



j iwiHM !"!!SLl tt JL!SS H B M .i' lw - 

i ni» ■uwiiwi itcctOTBt ro >cw» y n 



OIIOI1U! 

»asa. 



4-4- 



20 



50 



40 



50 



J 00 



no 



120 



60 70 80 90 
16 (dc£ft£, Cu K«r) 

Ffc. 4 The Rittveld analysis diagram of Tl (buByy^) * ^ M foor K 5 wSS 

Ca 2 Nv-Eype, Pr 8 Coia-OTe and Cl5b-Cyp&- Upper, middles and lower tetieal short bars repreeant the posiiacm or ppaaoie » 
diffraction for PuNV-typc Ce^i^-type . ^GCojirtype and ClSV-fcyp*. respcctfvcly,. 
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(La 0 «Ca <1 . B >(MgLaCaa^)Ni 9 QfgS 104 QUOl'<*-Vie 

U-i/ 3 Vtte Mg £» 6c IK b }Z^LX\^m^^ 
a £»ft 104 OBtff&tta < ^> A;. Li> L . 

Kietveld #Hff-CKtft©B»>< * -V t <D§8^-C LaMjfjjNi, £ 

La-MeBC^@^Sv^e>>3Ws# 
£ D /c . 20 = 63.3. 67.S, 74.6 ft ift C <b JSK "C * itt^Sg 

tr— ^fjaisftfc. c*i^.<?>ast:-i7 6»3i:^-aoci5 

9 : 2^3w>">K^UT^SC ££JloW-fc. fiSig-CS* 

^(200>C-SUfc- J&^j&W: 0.7191 (Dim k 
VT®mt-£ftfiL 4ffi-C?S£{tLA:3&£, Rj.4c«Lfc 

7.96&, ^=6.09^.^=4.86^, S=1.638 -CS6r>7t. 

O-AC * flfX, TEM SimK J;-j"C CeNij ^19^7 a „ ^ 
it T --:=>. TEM^fc^iv^v^fcgAgsfctJ^fc*^ 

Table 4, 5 ITS**. 

. T2 ffcftO&ftttfc Ricwdd (B*f*S«*- Fig.. 5 CiShr. * 



LaaMgNin CaCus H LaNij fc ± tf 3* S 

Ofr?JE«tt 2H S La,MgNi u # a =0-50403(3) am, c= 
3.2232(2) ran. Ce,NI 7 S La,MgNi w * a = (1.50422. (S) nm. <r 
=2.4265 (3) nm C*l &£gftf££fi* & *» & ft 



Table 4 Refined atomic fractional coordinates, isotropic ther- 
mal displacements and occupation nnmbers of La 3 Mff(Ni. Ct>) u 
obtained from the powdar X-ray Riatvald analysis of Tl alloy 

CejNw-trpe, Space group Ffe/mmc. 8=0.50496(6) nm, 

f=2.4302(2) nm 



Atom 


Site 




s 


y 


i 


^(lO^/mn*) 


La/MgU) 


4f 




1/3 


2/3 


0.0266^2) 


0^(2) 


la fa) 


4J 


1.U 








0.9<2> 


Ki/CoU) 


2a 


0.86/O.U 


0,0 


0-0 


0.0 


0,5(2) 


Ni/Co(2) 


4e 


0.86/0.14 


0-0 


O.O 


0.1687(4) 


OS 


Ni/C*C3) 


4f 


0.86/0.14 


a/3 


1/3 


D.I676U) 


0.5 


Nl/Co(4) 


Btl 


o.as/o.id 


0^303(15) 


2x 


1/4 


0.5 


Ni/Co(51 


12k 


0.36/0.14 


0.5342(10) 


2x 


0.0852 f 2) 


0.5 



£fNVCoa)>-#{Ni/Ca<2)> ^(N?/Cc<3» -^(Ni/C«<4» -^CN1/C«<S); 



Table 3 ft.eftnt*d n comic XructJonal coorflirat«S, lSOCTOpiC mer* 
mal displacements and occupation numbors Of La?M£ CN1, Co)g 
obtained from the powder X-ray Rietveld analysis of Tl alioy 

PuNi3rlyi«ii Spawc grvup R3ui, u —0.50559(4) nrn, 

tf- 2.4^6 (2) nm 



Atom 


Site 


? 






I 


^{10*/nm*) 


La(l) 


3a 


1.0 


0.0 


0.0 


00 


t3(2) 




Gc 


0.6/0,4(1) 


O.D 


0.0 


0*W15<2) 


0,7(2) 


Ni/Co<0 


3b 


0^6/O.H 




0.0 


1/Z 


1-1(2) 


W/Co(2) 


6c 


0.85/0.14 


0,0 


0.0 




1.1 


Ni/C9<3) 


36h 


0.86/0.14 


0.500K4) 


-s 


O.W23<2) 


1*1 



*(N1/Coa)) r.3(N]/Co<2n^=5CN/Q><3)) 



IfiOOO 
15000 
S* 12000 

c 
9 

% 9000' 
| 6000 
3000 



II I I I I I] I I I Ml I ■ fflllin lit! ■ 4 atiflt IHta**M HI 

ail i i ii t ni ti i» irai t nut sunn i nurr ta mm minnDi lilt 

M I t ii i f i i ill! if fi it i ■ P 4 

' ir a i n iiimii n irm ■■iitf tiMiti im l\ nun pi^ikMtr^- 



— ,4 tU- 



20 



30 



SO 50 70 30 00 
2d (degree, CuK*) 



100 



110 



Fig. 5 The Rfctvcld analysis fliasram of T2 (La^.TsMgo^ioCooj;) alloy- It has been refined as four phases mixture of Pr 5 C« lo - 
t^DCi CwjNit^typa. LaNi s and C^Co 19 -typc- Upper, middleo and lower vertical aharc bora represent the. pontoon of possible BLagg 
diffraction for Pr^Con-tTp^ CezNl^-type, LaNi 5 and CejCoir^ype* respectively 
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fcf Fig. 502^= 31.3")*fi**»CfMHSn, SHM^OffS 
C^Co^ La4MgNi ls ( * =F * gfc a = 0-5070 ( 1 ) am, £ - 

2.32). frffi(2HH^Mg^2H-I^ s M^i Wl I^i B ,3R-^ 

T2 SW<D Kietveld WrTiSeft L fc 2H B La<MgNiia 
^-ftg^ Table 6 lc«+. 
Rietveid g?#T*&©{fc LfcW^WH* &W*nBB**» 

Za-LaBE^HEtttt 0.38 nm ttiHWaT* 03E*OBBtt 

CUaCuaDJ® t ClkftZaaDS SrffifE ULTv>$ La-La K7MB 



TabJe 6 Refined atomic fractional coordinates, Isotropic thar- 

mal diapittcemoats tu/J uCtupaGon numbers of La,M$CNii C?)^ 

obtained from the powder X-ray ftletveid analysis of T2 alloy 
Pr 5 CoigHypfi, Space group PSj/romc, c=0„50403(3) ma, 
c-3_2232(2) srn 



Atf**n 


Site 


«? 




y 


* 


SO0*/nnt*> 


Lad) 


2c 


1.0 


1/3 


2/2 


a/* 




La (2) 


4f 


1.0 


1/3 


2/3 


0.2250(1) 


1-4(1) 


La/M*(3) 




0.5/0.5(1} 


1/3 


2/3 


0.0153(2) 




WCoU) 


& 


o.ae/o>u 


DJI 


0.0 


0.0 


*.4<« 


KVCofc) 


Zb 


0^6/0.14 


0,0 


0.0 


1/4 


0.4 


Ni/Cott) 


2d 


O.W/0:X4 


3/3 


1/3 


1/4 


0* 


NJ/flo(4) 


4c 




0.0 


0.0 


0.1251 (2) 


OA 




41 


0.86/0.14 


2/3 


1/3 




0>! 


Ni/Co<6> 


12k 




0-1094(9) 




-0.0S25C2) 


0.4 


Ni/Co{7> 


12k 


0,35/0.14 


0.1658 C7) 


2s 


-0.1B8Bf25 


0.4 



^^i/Cu(l)5-J>mi/Cu(2))«i/a^i/C^(3?)-ZyO^/Coa>)-iICMi/C«ilE}) 



5,4 lA-Mg-Ni^agSB^E^JU 
Fig, 6 C i^Mg-Ni^^j&Oaffl^iS^^V^t^. 

X»*»#Bft*Ufc#. tH***^** Laves 

^H© Tl C15b a(3CM)UMgNU t PuNia 

fl C3R S)La 2 MgNi 9 ff £ Ce^i? £ (2H ffl)UaMffNi M 
jlifcU T2^^e>t±Ce ? Ni T SC2HM)La s Mgl« M iei 
Pr*Co J9 SI (2H SUl^MgNiu ffi t CaCuj ffl UNSk ^)#-^<r 
atBLfc, Cft£ttFi*-6<7>(a), (c), (d), (0, OOEffiaSf 

B*tt»BS*L«c*-*fc. 

C ij - LaNir s- (5tz + 4) / (n + 2) 

jSft^4-[LaM^NU3-«[LaNi E ], f*fc>*> La^iJVfeNi^. fc 

TI4 Laves La fc Mg ii^ffiitW h tcffier^^T, 

«atffiB3WI4 PSa/mmc •CftftiS t ^B<OWS^tt Laves 

Laves La i Mff ^B»L"tv^O"C35*iK. — 
tt [La! -jMaNu ] - w[LaKi 5 3 , ?%t>% La - ^ 1 - f M & M a « + * 



General formula : [LaMgNiJ • n[LaNi J 




^ DO (b) 
(Lava-type) (2H-cypt^ C3K-type) 
na 0 1 1 




W> (o) 

CZH-type) (3R-typt) 
2 2 









■ * ml 











CO 



■ La 

• Ni 



m 

to 
LoNls 



3 3 CO 



Fig. 6 Schematic representation ol the ^nacturc etac^nK niodeP-^ for La-M^^i syste**- 
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iEX** Laves £ m f ft — & £ 5f 

SmyNa? SnxsNi^ * (*« T t S£ ^&I«}#f £ <fc T 
#»OiKU#^^(Ramsddl«B»»>Taa+*iHr f ZH. 
4H r 5T, 6H, 9R, 12R, 15E, X8R fc£)^g^**, > l TV 
^ O La-Mg-M * ft ^^O^l! 2H, 3R & 

%ft:lB*S-*«:^^fcft*'<0«©Sft^*A&tl. Fig. 6 

tTtftV^Lfc*SRS«*At*(BeSiii5. ^tt Laves 
4. * t * 

0.5052 (l)mn f c" 2.4245 (3 ) DiaT$ 7 fc, PuNfjg(Laa.7 
Mgo^wCoo.5 am tt^fS^T a = 0 .506Z (1) 

mn T £ = 2.4500(2) am Tf2& fc, LaiM* ( Ni, Co ) » f i 
LasNi 19 T=&££:ftT V** 3R M Ce 5 Co X9 < . 2H ffl 

« = 0-5042(2) am, c» 3.2232(3) nm f 



85 . Mgfli^liUvesHOLalM' MCA 9, [CaCu 5 ])5 
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Crystal Structure of Hydrogen Storage Alloys, La-Mg- 
Ni x (x=3 ~ 4) System 

Hiroshi Hayakawa 1 , Etsuo Akiba 1 , Midori Gotho 2 and Tatsuoki Kohno 3 

1 Hydrogen Energy Group, Energy Technology Research Institute, National Institute of 
Advanced Industrial Science and Technology, Tsukuba 305-8565 
technical Service Center, National Institute of Advanced Industrial Science and 
Technology, Tsukuba 305-8565 

3 Advanced Functional Materials Laboratory, Corporate Research & Development Center. 
Toshiba Corporation, Kawasaki 212-8582 

Abstract: 

New alloys of La-Mg-Ni (Ni/(la+Mg)=3^4) system absorb and desorb hydrogen at 
room temperature, and the hydrogen capacity is higher than conventional AB 5 - 
type alloys. The crystal structures of LaQ 7 Mg 0 ^Ni Z5 Co 05 (alloy T1) and 
La o.75 M 9Q.25 N '3.Q Co a.5 ( a,J °y T2 ) were investigated using ICP, SEM-EDX and XRD 
We found that the alloy T1 consisted of Ce 2 Ni 7 -type La 3 Mg(Ni, Co) 14 and PuNi 3 - 
type La 2 Mg(NI, Co) 9 phases and that the alloy T2 consisted of Ce 2 Ni7-type La 3 Mg 
(Ni, Co) 14 and Pr 5 Co ig -type La<Mg(Ni, Co) 19 phases. These alloys system has 
layered structure and shows polytypism that is originated from difference in 
stacking of some [CaCu 5 ]-type layers and one [MgZn 2 ]-type layer along c-axis, 
Crystal structure of La 3 Mg(Ni, Co) 14 is hexagonal 2H-Ce 2 Ni 7 -type, a=0 5052(1) nm, 
c=2.4245(3) nm. La 2 Mg(Ni, Co) 9 is trigonal 3R-PuNi 3 -type, a=0 5062(1) nm, 
c=2.4500(2) nm La 4 Mg(Ni, Co) 19 is 2H-Pr 5 Co 19 -type, a=0 5042(2) nm, c=3.2232 
(5) nm. In these all structure, La-La distance in the [CaCuj layer was 0.38-0.40 
nm but that in the [MgZn 2 ] layer was 0.32 nm. It was also found that Mg occupied 
the La site in the [MgZnJ layer Selective occupation of Mg at the La site in the 
[MgZn 2 ] layer makes the alloy stable in repeated reaction cycles with hydrogen. 
This alloy system has formed an agent group is described by the general formula 
La n+i M 9 Ni 5n+4 where n=0, 1, 2, 3, 4Gs Ds 
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